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Disclaimers

• This is a technology presentation, not product-readiness or roadmap 

commitment

• Opinions presented here are that of the speakers and may not reflect that of 

Texas Instruments Inc.
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Basics of Power and Clock Management



o Each SoC is subdivided into power domains

o These domains can be turned on /off based on requirement.

o Any entity in the SoC can require a component from any 

power domain.

o Hence they can simply the central Firmware entity to power 

on/off the domain.
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Clock Management



https://www.ti.com/product/AM625
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o Multiple ARM Based MCU and MPU cores in a single 

SoC

o Linux running on A53

o MCU Firmware (Free RTOS/ Zephyr) running on cortex 

M4F MCU core.

o Device Management (DM) Firmware running on cortex 

R5 core. This is central entity responsible for clock/ 

power mgmt.

o How will they all talk to DM for requesting clock / 

power?



Need for standard protocol
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o One of the major players – TI came up with it’s own “TI SCI” 

protocol for solving the challenge above.

o Any entity in SoC could request for clock and power from the 

Device Manager (DM).

o Could be Linux/ MCU FW following this protocol to request for 

resources
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https://lwn.net/Articles/697909/
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o ARM soon after introduced the ARM System Control and 

Management Interface (SCMI)

o Similar to DM FW: ARM recommends SCP-firmware (a 

software reference implementation)

o This central entity can even be Trusted Firmware-ARM in 

the case of  Linux centric devices.



• https://lore.kernel.org/all/1519403030-21189-1-git-send-email-

sudeep.holla@arm.com/

• https://lwn.net/Articles/726475/
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https://lwn.net/Articles/726475/
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Performance domain management
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o Ability to control the performance of a domain that is  

composed of compute engines

o For eg. application processors (APs), GPUs, or other 

accelerators.

o Set of devices that always have to run at the same 

performance level

o Operates on an abstract integer performance scale

o Values in the scale might represent actual frequencies
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TF-A, Linux and SCMI
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How can Linux talk to TF-A?

o Linux is non secure (EL1 privilege)

o TF-A runs at EL3: the highest privilege level

o SMC Calling Convention Interface (ARM DEN 0028A) is 

gateway
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http://infocenter.arm.com/help/topic/com.arm.doc.den0028a/index.html


Using SCMI on your devices
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Terminology Used

• Agent is used to describe the caller of the System 

Control & Management Interface.

• Platform describes the set of hardware components that 

interpret the messages and provide the necessary 

functionality

• Transport describes the method by which protocol 

messages are communicated between agents and the 

platform



SCMI support in TF-A
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o Not every protocol has to be present in an implementation

o Platform chooses which protocols it exposes to a given agent. 

o The Base protocol is the only one which must be 

implemented

o Used by agent to discover which protocols are available.
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*v3.2



o TF-A will require scmi drivers

o What are the platform specific drivers that you’ll need to add?

SCMI

Clock

Power

Performance

SVC

sip_smc_handler

runtime service descriptor



Implementation



• The SVC instruction is used to perform system calls and 

other critical low-level functions needed by applications.

• Registers are 'shared' information between worlds

Linux

SVC

TF-A

SVC (Supervisor Call)







SCMI server
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Called from 

drivers/scmi-msg/base.c



Power Domains
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o Protocol must at least support the ON and OFF states but 

can support additional power states

o Protocol commands take integer identifiers to identify the 

power domain.

o Clock/ SCMI ID of devices should start from 0..N and can’t 

have gaps in between
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plat/vendor/

…/scmi_pd.c



Clocking in TF-A



o Enable or disable a clock.

o Set the rate and other configuration of the clock 

synchronously or asynchronously

o Get and set the parent of a clock.

o Allows to change the parent clock if needed



plat/vendor/…/scmi_clock.c



Linux Support



o Shared memory region is required for communication with 

TF-A

o This shared memory region can be setup as shown.



smc-id dictates how an SMC call goes through



How do I decide smc-id?

Source[2] Table 2-1 Bit usage within the SMC Function Identifier



Usage Examples by peripheral nodes

arm64/boot/dts/arm/juno-scmi.dtsi



Linux helpers



How do I verify everything went well?

If we don’t get failed to register error like following, 

we can be sure that all the clocks/PDs registered successfully 

given that it did iterate over all of them.



Linux commands to see and control power domains/ clocks

1. Mount the debugfs

2. change directory to clk or pd



3. View state of PDs



4. View frequency and state of clock



5. Control the Clocks and PDs

Enable writeable debugfs by flag enabling flag 

CLOCK_ALLOW_WRITE_DEBUGFS for clocks and 

GENPD_ALLOW_WRITE_DEBUGFS for PDs (*yet to be 

upstreamed)



6. Controlling PDs and Clocks

After enabling writeable DEBUG, one should be able 

to control



Improvements & Limitations



SCP in ATF(Hit on Latency): 

1. As we know ATF runs in EL3 which means if SCP is running 

inside ATF, an SMC call will be triggered by SCMI call from 

Linux.

2. The jump from EL1 to EL3 will and then resuming back in EL1 

will add to some delay in Latency.

3. The above delay is still acceptable but problem is SMC calls 

are not preemptible in nature from normal world. This may lead 

to increased latencies beyond acceptable limits.

5. To mitigate this we can run SCP in SEL1(Trusted OS), which 

is preemptible from Linux. But this will limit us to use only that 

Trusted OS in which SCP was implemented.



Lazy initialization:

1. All the clocks and PDs gets initialized at the time of init which 

increases the time of boot.

2. To reduce this time, need to implement something that does 

initialization on the fly for accessed clock/pd i.e. lazy 

initialization.

3. Currently, it iterates from 0 to number of clocks or PDs 

exported by SCMI, so if we have large number of clocks or PDs, 

this will lead to increased boot timings

4. This need to be fixed from Linux, which acts as SCMI client.



Clock parents selection:

o For clocks we should be able to select the parent clock which 

gives us desired frequency. 

o Currently, there is no support in TF-A that allows us to select 

the Parent. 

o Support was added in Linux recently.



Extended Names:

o Currently, only 16 character names are supported in TF-A.

o On other hand, extended names are supported in Linux.

o TF-A needs support for extended names.
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Add SCMI v3.2 pincontrol protocol base support [3]
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o Support to redirect messages from pinctrl subsystem to SCMI 

platform firmware.

o Set the parameter configuration and multiplexing of the pins 

or groups of pins.

o List the pins, groups of pins, available functions, and their 

association with each other.

o No support in TF-A yet.
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Version info:
• DEN0056E: SCMI_v3.2

• Linux: v6.9-rc3

• TFA/ U-boot: as of 2024.04

https://s-o-c.org/arm-svc-instruction-example/#:~:text=The%20SVC%20%28Supervisor%20Call%29%20instruction%20is%20an%20important,and%20other%20critical%20low-level%20functions%20needed%20by%20applications.
https://lore.kernel.org/all/20240415-pinctrl-scmi-v10-4-59c6e7a586ee@nxp.com/
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Q&A

• Contact Information:

– Dhruva Gole <d-gole@ti.com>

– Kamlesh G <kamlesh@ti.com>

• Also on IRC @ libera.chat #linux-ti
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‒ https://www.ti.com/edgeai

https://www.ti.com/microcontrollers-mcus-processors/overview.html
https://www.ti.com/processors
https://www.ti.com/edgeai

